INTRODUCTION
============

Acute appendicitis is a common disease with an incidence of 42-175 in 100,000 persons. Nonetheless, because of its atypical symptoms and difficulties in making a definite diagnosis, only 84% of the patients who undergo an appendectomy manifest pathological findings of appendicitis \[[@B1], [@B2]\]. If it is diagnosed as simple appendicitis, the recovery time is relatively short time without any complications. However, in perforated or gangrenous appendicitis due to the delay of operation, the hospital stay, the cost, and the incidence of early, as well as delayed, complications are increased drastically. Therefore, it is no question that early detection and proper treatment for appendicitis is able to minimize postoperative complication \[[@B3]\].

Recently, the incidence of early diagnosis and treatment for acute appendicitis is high due to improvement of radiologic evaluation using computed tomography and ultrasonography, but the incidence of early detection for complicated appendicitis is still limited. Currently, the diagnosis of complicated appendicitis depends on the onset of symptoms and physical examination; thus, inaccuracy due to subjective interpretation is common. For that reason, we wanted to seek objective and accurate test methods with predictive factors for complicated appendicitis with perforation, abscess formation or gangrenous change.

METHODS
=======

From November 2008 to November 2010, 156 patients underwent emergency appendectomy at Kwangju Christian Hospital. Among them, fifteen patients who have no pathologic appendicitis and 13 whose onset of symptoms was within 12 hours were excluded. Ultimately, a total of 128 patients were enrolled in this study. Based on the medical records of patients, gender, age, duration of symptoms, the Alvarado score, C-reactive protein, pathologic findings, results of computed tomography or ultrasonography, and methods of operation were examined retrospectively. The Alvarado score is based on clinical features, as well as laboratory findings. Migration pain is 1 point, anorexia is 1 point, nausea or vomiting is 1 point, tenderness in the right lower abdomen is 2 points, rebound tenderness is 1 point, fever is 1 point, leukocytosis is 2 points, and neutrophilic shift to the left is 1 point. The total score is 10 points, and the normal range of leukocystosis is different, depending on age ([Table 1](#T1){ref-type="table"}) \[[@B4]\].

In regard to surgical methods, depending on the ability and the decision of the surgeon, a laparoscopic or open appendectomy was performed. For cases with risks for hemorrhage or leakage and in appendicitis with perforation, formation of abscess, or gangrenous change, drainage tubes were inserted. Based on surgical or pathologic findings, cases with gangrenous change, perforation, or abscess formation were classified as C-type (complicated) appendicitis, and the others were classified as S-type (simple) appendicitis.

In our study, for statistical analysis, the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) logistic regression analysis was applied. The cut-off value of C-reactive protein was defined by drawing the receiver operating characteristic (ROC) curve with the relationship of sensitivity and specificity and obtaining the highest Youden index.

RESULTS
=======

Results of pathology and operation
----------------------------------

Based on pathologic or surgical findings, simple appendicitis was present in 62 patients (48.4%), perforated appendicitis in 22 patients (17.2%), gangrenous appendicitis in 20 patients (15.6%), and gangrenous appendicitis together with perforation in 24 patients (18.8%).

Gender and age
--------------

Seventy patients (54.6%) were male, and 58 patients (45.4%) were female; the average age was 37.88 ± 23.80 years. The age distribution was as follows; 27 patients (20.3%) were 0 to 12 years, 12 patients (9.3%) were 13 to 19 years, and 89 patients (70.3%) were older than 20 years. The incidence of C-type appendicitis became higher as age increased (P \< 0.001) ([Table 2](#T2){ref-type="table"}).

The Alvarado score
------------------

The Alvarado score was distributed from 2 points to 10 points, the total mean was 6.16 ± 1.75 points, and at 7 points, the incidences of both C-type and S-type appendicitis were high. The mean for S-type appendicitis was 6.03 ± 1.89 points, and that for C-type appendicitis was 6.28 ± 1.61 points. The Alvarado score did not significantly correlate to C-type appendicitis (P = 0.421).

Laboratory findings
-------------------

In blood test, in regard to the leukocyte count, the mean for all cases was 1,3142 ± 4,154/mm^3^, that for S-type appendicitis was 12,946 ± 4,316/mm^3^, and that for C-type appendicitis was 13,337 ± 4,010/mm^3^, but these differences were not statistically significant (P = 0.594). Regarding C-reactive protein, the mean for all patients was 5.96 ± 8.36 mg/dL, that for S-type appendicitis was 1.82 ± 2.29 mg/dL, and that for C-type appendicitis was 10.10 ± 10.05 mg/dL. The univariate analysis showed C-reactive protein to be a significant factor for C-type appendicitis (P \< 0.001). In multivariate analysis, similarly, C-reactive protein independently showed a significant correlation to C-type appendicitis (P \< 0.001; odds ratio, 1.371; 95% confidence interval, 1.155 to 1.628) ([Table 3](#T3){ref-type="table"}).

The area under the curve (AUC) of ROC curve was shown to be 0.805 ([Fig. 1](#F1){ref-type="fig"}), and the highest Youden index was obtained by applying sensitivity and specificity. When C-reactive protein was 7.05 mg/dL, the Youden index was 0.543, the highest, and at this value, the sensitivity was 57.6%, the specificity was 98.3%, the positive predictive value was 97.4%, and the negative predictive value was 68.5% ([Table 4](#T4){ref-type="table"}).

Imaging studies
---------------

Ultrasonography was performed on 41 patients, computed tomography was performed on 64 patients, and both tests were performed on 5 patients. At our hospital, standard criteria for diagnosis using imaging studies of appendicitis is that the diameter of the appendix be larger than 6.7 mm. The mean for all cases was 10.27 ± 3.54 mm, that for S-type appendicitis was 9.36 ± 3.29 mm, and that for C-type appendicitis was 11.36 ± 3.55 mm. As the diameter of the appendix became larger, the incidence of C-type appendicitis became higher (P = 0.006).

Of the total 41 patients on whom ultrasonography had been performed, the pathologic findings indicted S-type appendicitis to be present in 33 patients and C-type appendicitis in 8 patients, but all were diagnosed as having simple appendicitis with no mention of complicated appendicitis. Of the 64 patients on whom computed tomography had been performed, the pathologic findings indicated S-type appendicitis to be present in 31 patients and C-type appendicitis in 33 patients; only 8 patients were diagnosed as having perforated appendicitis or appendicitis with an abscess ([Table 5](#T5){ref-type="table"}).

Duration of symptoms
--------------------

The duration from the onset of symptoms to the time of admission was recorded by inquiry. For all patients, the mean during from onset of symptoms to admission was 37.55 ± 35.68 hours, for patients with S-type appendicitis, it was 31.53 ± 38.09 hours, and for patients with C-type appendicitis, it was 43.56 ± 32.28 hours. The durations of the symptoms and the types of appendicitis showed no significant differences (P = 0.065).

DISCUSSION
==========

The incidence of perforated or gangrenous appendicitis is high in the young children or the elderly, which reflects that their presenting symptoms are not typical, so it is difficult to diagnose the disease early. Kim et al. \[[@B3]\] reported that the incidence of perforated or gangrenous appendicitis was significantly high in patients who were older than 40 years. In our study, similarly, as patients became older, the incidence of complicated appendicitis also became significantly higher.

Alvarado \[[@B5]\] scored the clinical symptoms of appendicitis patients and used laboratory results to classify them into three groups: patients with 7-10 points, who were strongly suspected of having acute appendicitis and needed to undergo immediate surgery, patients with 0-4 points, who because of the low possibility of having acute appendicitis were discharged without additional evaluation, and patients with 5-6 points, who were difficult to diagnose only by the scores and for whom further evaluation was recommended for a definitive diagnosis of acute appendicitis. In our study, 28 patients (21.9%) had an Alvarado score lower than 4 points, and among them, S-type appendicitis was present in 13 patients (10.2%) and C-type appendicitis in 15 patients (11.7%). Thus, we conclude that for patients with lower points, their symptoms are nonspecific, resulting in delayed diagnosis and increased possibility of developing complicated appendicitis.

C-reactive protein is an acute inflammatory protein and was separated from the serum of pneumococcal pneumonia patients for the first time because it binds to pneumococcal C polysaccharide and forms precipitates. Because such reactions were found to occur in other acute infections, C-reactive protein has been used as a marker of acute infections \[[@B6]\]. Physiologically, it has been shown to accelerate phagocytic reactions and chemotaxis, to activate platelets, and thus to increase cell-mediated immunity \[[@B7]\]. It is an early marker of appendicitis and myocardial infarction, and it has been reported to be increased in patients with pneumonia, pancreatitis, pelvic inflammation, and urinary tract infection or in patients in whom treatment of these diseases had failed. It can be used to evaluate the severity of intravascular diseases or asymptomatic patients with risk factors for cardiovascular diseases who require treatment, and for monitoring of rheumatoid arthritis and inflammatory bowel disease, with which the value of C-reactive protein correlates \[[@B8]\].

In 1984, for the first time, studies on the relation of acute appendicitis with serum C-reactive protein were reported. In the study reported by Mikaelsson and Arnbjornsson \[[@B9]\] that was conducted on 156 pediatric patients, patients with normal C-reactive protein prior to surgery showed a normal appendix or a phlegmonous appendix in operative findings. Patients with elevated C-reactive protein had mesenteric lymphadenitis or acute appendicitis, and when the inflammatory severity of appendicitis was more or the disease duration was longer, higher C-reactive protein values were shown.

In several studies, the sensitivity of C-reactive protein for the diagnosis of acute appendicitis was 40-87%, the specificity was 53-82%, and diverse results were reported \[[@B10]\]. In our study, significantly elevated C-reactive protein was shown in complicated appendicitis, and in all patients with C-reactive protein above 9.9 mg/dL, complicated appendicitis was shown. Park et al. \[[@B11]\] stated that in patients with very high C-reactive protein, the inflammation degree of appendicitis was very severe, or diseases other than appendicitis were present. The average serum C-reactive protein of patients with gangrenous or perforated appendicitis has been reported to be 9.76 mg/dL, and no correlation of leukocytes with serum C-reactive protein values has been reported.

Bickell et al. \[[@B12]\] reported in a study conducted on a patient group with ages from 5 years to 80 years that in patients whose duration from the onset of symptoms to operation time was longer than 36 hours, the risk for the development of perforated appendicitis was high. However, in our study, the duration to operation did not significantly correlate to complicated appendicitis. We think that patients may have reported the wrong onset of symptoms or that communications with young children may have been difficult or unclear; thus, wrong times may have been recorded in the medical records.

Abdominal sonography is a sensitive tool that can be performed very easily; it is not harmful to patients, and its cost is low. Thus, together with computed tomography, it has been used as a supplement diagnostic tool, leading to an increased rate of definite diagnosis. Consequently, early diagnosis and appropriate treatments has become feasible. The sensitivity of ultrasonography is 85-99%, and its specificity is 90-99%. Nonetheless, ultrasonography cannot penetrate air or bone, so its results vary greatly depending on the radiologist. On the other hand, diverse sensitivities, specificities and accuracies have been reported for computed tomography \[[@B13]\]. Wijetunga et al. \[[@B14]\] reported a 93% sensitivity and a 97% specificity. Cho et al. \[[@B13]\] reported the sensitivity and the specificity of computed tomography for the detection of inflammation in adipose tissues in the vicinity of the appendix to be 77% and 83%, respectively, and the sensitivity and the sensitivity to detect abscesses to be 18% and 75%.

The treatment for perforated appendicitis is still controversial because of diverse views. Nonetheless, for perforated appendicitis, Noh et al. \[[@B15]\] stated that in pediatric patients, immediately after the diagnosis of perforated appendicitis, conservative treatments, such as administrating antibiotics and replacing fluid, electrolytes, etc., are desirable; emergency surgery at night should be avoided, and an elective appendectomy should be performed during the day. On the other hand, Lee et al. \[[@B16]\] stated that the delay to an appendectomy in adult patients is a risk factor for the progression to complicated appendicitis, so the operation should be performed as soon as possible.

Based on these results, we conclude that complicated appendicitis may exert great influence on its treatment methods and prognosis, so we examined various diagnosis methods. The conventional diagnosis method is based on the onset of symptoms and on physical examination; thus, complicated appendicitis may be diagnosed inaccurately because of the subjective judgment of an inexperienced physician who initially diagnosed it at the emergency room. In our study, complicated appendicitis could be predicted by using C-reactive protein, which is objective, relatively inexpensive, and simple. However, it is desirable to conduct data analysis on more patient groups. Finally, if prospective studies on the association of C-reactive protein with the results of detailed physical examination, which could not be addressed in our study, are conducted, a more accurate basis for the diagnosis of complicated appendicitis might be found.

In conclusion, the incidence of complicated appendicitis became higher as patients became older, the diameter of the appendix on radiological imaging became larger, and the value of C-reactive protein became higher. However, for diagnosis, it was difficult to define any appropriate cut-off value of age and radiological imaging methods. In complicated appendicitis, C-reactive protein was shown to average 10.10 mg/dL. In cases whose cut-off value obtained from the ROC curve was 7.05 mg/dL, the sensitivity for the diagnosis of complicated appendicitis was 57.6%, the specificity was 98.3%, the positive predictive value was 97.4%, and the negative predictive value was 68.5%. In conclusion, in patients who have already been diagnosed as having appendicitis and for whom surgery has already been scheduled, if the value of C-reactive protein is higher than 7.05 mg/dL, to the surgeon should anticipate complicated appendicitis, decide on an appropriate operation time, select antibiotics, and explain the prognosis to the patient.
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###### 

Alvarado scoring system
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^a^2-5 yr, \>14,500; 6-11 yr, \>13,500; ≥12 yr, \>10,000. ^b^2-5 yr, \>55.2%; 6-11 yr, \>59.3%; ≥12 yr, \>75.2%.

###### 

General characteristics and univariate analysis according to types of appendicitis

![](jksc-27-122-i002)

Values are presented as mean ± SD.

WBC, white blood cell; CRP, C-reactive protein.
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Results of multivariate analysis
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Specificity and sensitivity of C-type appendicitis in CRP 7.05 mg/dL
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CRP, C-reactive protein; PPV, positive predictive value; NPV, negative predictive value.
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Findings of ultrasonography or CT
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No. in parenthesis means the number of patients positively diagnosed by ultrasonography or computed tomography (CT).
